The effects of different levels of kinetin (KT) application on the growth, biomass, contents of chlorophyll (Chl a, Chl b, and carotenoid), arsenic uptake, and activities of antioxidant enzymes in maize seedlings under arsenic (As) stress were investigated by a hydroponic experiment. The results showed that KT supplementation increased the biomass in terms of root length, root number, fresh weight, and seedling length, and KT treatments also improved the contents of Chl a, As uptake, and Chl a : b ratio compared to cases with As treatment alone. However, no significant changes were observed in carotenoid content, and a reduction was found in Chl b content of seedlings. KT also increased the activities of catalase (CAT), peroxidase (POD), and superoxide dismutase (SOD) in the leaves of maize seedlings when 0.1 mg/L KT and As were applied, which decreased the content of malondialdehyde (MDA). These results suggested that KT could alleviate the toxicity of As to maize seedlings by keeping the stability of chlorophyll, enhancing the activities of antioxidant enzymes, and inhibiting the lipid peroxidation. In conclusion, the alleviation effect of KT in maize seedlings exposed to As stress was clearly observed in the present study.
Introduction
Arsenic (As) has been an element of considerable environmental concern, because of its toxicity and carcinogenic properties [1] , resulting from natural geologic activities and anthropogenic sources such as mining, semiconductor manufacturing, forest products, landfill leachates, fertilizers, pesticides, and sewage [2] . Exposure to As (V) caused considerable stress in plants, including disorder of cellular function [3] , inhibition of growth [4] , biochemical and physiological damage [5] , and reduction of crop productivity [3, 6, 7] .
In addition, excess As induces oxidative stress in plants by generating reactive oxygen species (ROS), such as superoxide radicals (O 2 − ), hydroxyl radical (OH − ), and hydrogen peroxide (H 2 O 2 ) [8] . These species react with lipids, proteins, pigments, and nucleic acids and cause lipid peroxidation, membrane damage, and inactivation of enzymes [9] [10] [11] . Plants respond to oxidative stress by increasing the activities of antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) [4, 10, [12] [13] [14] .
Cytokinins are a class of phytohormones and can stimulate water uptake, increase cell division, promote organ development, and lead to the regeneration and proliferation of shoots [15] . Among the cytokinins, KT is the first to be discovered and has been widely used in plants for its growthpromoting, antiaging, and promotion of cell division and differentiation [16] [17] [18] . Apart from these effects, KT has an ability to confer resistance to plants against various abiotic stresses [19] , such as heavy metal toxicity, drought, and inadequate fertilization [11, [20] [21] [22] [23] .
The main purpose of this study was to evaluate the effects of KT on growth-promotion and regulation of antioxidant defense in maize seedlings under As stress. The effects of different levels of KT application on growth, seedling biomass, chlorophyll contents, antioxidant enzyme activities, and As uptake in maize seedling were systematically determined under As stress. Our results could be used as indicators to improve plant As tolerance and food safety. Advances in Materials Science and Engineering water and then sown in double distilled water for 24 h. After soaking, 20 healthy and uniformly sized seeds were sown in petri plates that were filled with 130 mL 1/10 Hoagland's solution and 100 mL of 0.5 mg/L As added as Na 2 HAsO 4 ⋅7H 2 O (control) or with 100 mL different concentrations of KT. The concentrations of As and KT were based on the results of previous experiments. The treatments included As (0.5 mg/L) (control), As + KT1 (0.5 mg/L As + 0.1 mg/L KT), As + KT2 (0.5 mg/L As + 0.5 mg/L KT), and As + KT3 (0.5 mg/L As + 1.5 mg/L KT) and each treatment was replicated 3 times. After 12-day growth, the fresh tissues were harvested.
Determination of Growth Parameters.
The harvested seedlings were washed several times by running tap and distilled water and then dried by filter paper. The fresh weight was determined by a digital balance and the root and plant lengths were measured in millimeter. The numbers of the lateral roots were also recorded.
Determination of As Uptake in Plants.
The contents of As in stem and leaves were determined as described previously [24] . The fresh seedlings were thoroughly washed by distilled water and digested with 5 mL of concentrated HNO 3 in a 50 mL digestion glass tube. These tubes were heated at 80∼ 90 ∘ C for 30 min, 100∼110 ∘ C for 30 min, and 120∼130 ∘ C for 1 h. Later, the tubes were cooled and added with 1 mL of 30% H 2 O 2 . The tube contents were mixed and heated at 100∼110 ∘ C for 30 min and 120∼130 ∘ C for 1 h. The mixture was filtered and diluted to a total volume of 25 mL. The concentration of As was determined by atomic fluorescence spectrometry (Beijing Rayleigh Instruments Co., AF-610D2). The As content was expressed as g/g fresh weight.
Analysis of Antioxidant Enzyme Activities.
For the determination of antioxidant enzyme activities, 1.0 g fresh leaf was homogenized in 10 mL of 50 mmol phosphate buffer (pH = 7.0) under cool condition in prechilled mortar and pestle. The homogenate was centrifuged at 20,000 ×g for 15 min at 4 ∘ C, and then the supernatant was stored under cool condition for analysis of SOD, CAT, and POD. SOD activity was assayed by monitoring the inhibition of photochemical reduction of nitrotetrazolium blue chloride (NBT), according to the method as described by Gao [25] . The reaction solution consisted of 1.5 mL phosphate buffer (pH = 7.0), 0.3 mL DL-methionine (Met), 0.3 mL NBT, 0.3 mL riboflavin, 0.3 mL EDTA-Na 2 , 0.5 mL distilled water, and 0.1 mL raw enzyme. The reaction mixture, which was not exposed to light, did not develop color and served as the control. A control reaction was performed without raw enzyme which was replaced by an equal volume of distilled water. The assay was carried out at 25∼35 ∘ C and the reaction was measured spectrophotometrically at 560 nm. One unit of enzyme activity was defined as the quantity of enzyme that reduced the A560 of control by 50%.
CAT activity was determined according to Gao [25] , and the decomposition of H 2 O 2 was evaluated by measuring the decrease in absorbance at 240 nm after 3 min. The reaction mixture contained 1.0 mL Tris-HCl buffer (pH = 7.0), 1.7 mL distilled water, 0.1 mL enzyme extract, and 0.2 mL 100 mmol
POD activity was determined according to Gao [25] . The assay mixture included 1.0 mL KH 2 PO 4 (20 mmol/L), 3 mL of reaction solution containing 50 mL of 100 mmol phosphate buffer (pH = 6.0), 28 L guaiacol, and 19 L 30% hydrogen peroxide for 3 min (the time interval was 30 s) and 1.0 mL raw enzyme. The change in absorbance at 460 nm was recorded for calculating POD activity.
Measurement of Malondialdehyde (MDA).
The level of lipid peroxidation in fresh tissue was measured in terms of malondialdehyde (MDA) content by the thiobarbituric acid (TBA) reaction method according to Gao [25] . 0.5 g fresh tissues were homogenized in 5 mL 5% trichloroacetic acid (TCA) solution under cool condition and centrifuged at 3,000 ×g for 15 min at 4 ∘ C, and then the clear supernatant was added to 5 mL TBA. The mixture was heated in boiling water for 10 min and then cooled in an ice-bath and centrifuged at 3,000 ×g for 15 min. The absorbance of the supernatant was recorded at 532, 600, and 450 nm for calculating the content of MDA.
Determination of Chlorophyll Contents.
The contents of leaf chlorophyll were determined according to Gao [25] . 0.2 g fresh leaves were homogenized in 2∼3 mL 95% ethanol with some CaCO 3 and SiO 2 . After centrifugation at 4,000 ×g for 10 min, the absorption of the extracts at 470 nm (carotenoid), 645 nm (chlorophyll b), and 662 nm (chlorophyll a) was recorded for the calculation of the pigment contents.
Data Analysis.
Linear regression was analyzed using SPSS 20 statistical package. One-way ANOVA test was performed followed by Tukey's HSD multiple comparison tests to determine significant differences at significance level < 0.05 or < 0.01 with statistical software SAS 9.2. The figures were drawn by Origin 8.0.
Results

Plant Growth.
The growth parameters in terms of fresh weight, shoot length, root length, and root number showed different responses when maize seedlings were exposed to As alone and combined treatment of As and KT. The fresh weight (Figure 1(a) ) and root length (Figure 1(c) ) were significantly increased when 0.1 mg/L KT was added, compared to the control (As treatment alone). However, no significant difference was found in seedling length and root numbers between 0.1 mg/L KT treatment and control.
A significant increase (12%) in seedling length (Figure 1(b) ) was also observed when treated with As + 0.5 mg/L KT. Besides, the application of 1.5 mg/L KT significantly increased the root numbers (Figure 1(d) ) by 28% as compared with those at As treatment alone. Moreover, the ameliorative effects were more pronounced on root number than on other growth parameters when exposed to As + 1.5 mg/L KT treatments. Furthermore, the alleviative effects of KT on growth parameters of maize seedlings were related to its concentrations.
Arsenic Uptake.
Arsenic contents had no significant difference at 0.1 mg/L and 0.5 mg/L KT treatment compared to the control. However, a significant increase of As in maize seedlings was observed when 1.5 mg/L KT was added, indicating high concentration of KT could generate adverse effects on maize seedlings (Figure 2 ).
Activities of Antioxidant Enzyme and MDA Contents
3.3.1. Activities of SOD. The activity of SOD was significantly increased by 78% with the addition of 0.1 mg/L KT under 0.5 mg/L As stress compared to the control (Figure 3(a) ). However, no significant change was found in SOD activity of maize seedlings with 0.5 or 1.5 mg/L KT addition, compared to As treatment alone (Figure 3(a) ).
Activities of CAT.
CAT activity increased with the increasing concentrations of KT except the 0.5 mg/L KT treatment. Furthermore, the CAT activity at 1.5 mg/L KT was significantly higher than that at 0.1 mg/L KT (Figure 3(b) ).
Activities of POD.
A significant increase (60%) of POD activity in maize seedling was noticed when exposed to 1.5 mg/L KT under As stress, compared to the control. However, no significant difference was observed among 0, 0.1, and 0.5 mg/L KT treatments (Figure 3(c) ).
MDA Contents.
Application of KT at three concentrations (0.1-1.5 mg/L) could significantly reduce the MDA content of maize seedlings compared to the control. However, no significant difference was observed among the three treatments (Figure 3(d) ). 
Content of Photosynthetic
Discussion
Effect of KT on Maize Growth Parameters.
It is well documented that heavy metals cause several toxic effects on plants, such as inhibition of seedling growth [26] , seed germination [23] , reduction of shoot length [27] , and root length [28] . Therefore, seed germination, root length, root biomass, shoot length, and seedling growth are generally used to describe metal resistance in plants. Several studies have shown that As can inhibit plant growth [29] . In the present study, we mainly investigated the root number, root length, seedling length, and fresh weight of maize exposed to KT and As treatments. Our results showed that the application of KT alleviated the As-induced inhibition of seedling growth by improving the growth parameters in terms of root length, root number, and fresh weight (Figure 1 ). It has been reported that KT mitigates the adverse effects of salt stress on plant growth [20] . Similarly, KT addition ameliorates the deleterious effects of Mn pollution [11] . After all, our results showed the ability of KT to counter the toxic effects of As on maize seedling growth. However, the inhibition of seedlings when exposed to As and 1.5 mg/L KT may be related to the accelerative accumulation of As in the tested plant.
Effect of KT on Plant As
Uptake. Under our experimental conditions, the contents of As in maize increased with increasing concentrations of KT. It may be attributed to the enhanced root growth and root number, which in turn led to an increasing uptake of As from nutrient media. However, there was no significant difference in plant As uptake between 0.1 mg/L or 0.5 mg/L KT treatment and the control (0 mg/L KT) under As stress (Figure 2 ), suggesting that a suitable concentration of KT is required to increase plant As uptake.
Effect of KT on Activities of Antioxidant Enzymes.
To cope with the damage caused by oxidative stress, a defensive system in plant is established to decrease the reactive oxygen species, such as the increasing activities of antioxidative enzymes.
SOD is responsible for converting O 2 − into H 2 O 2 and O 2 [11] . In the present study, the supplement of 0.1 mg/L KT increased SOD enzyme activity significantly (Figure 3(a) ). This may be related to an increasing level of superoxide radicals (O 2 − ) induced by As stress, which is consistent with the previous reports [29] [30] [31] . However, no significant variation of SOD activity was observed at 0.5 mg/L or 1.5 mg/L KT treatment compared to the control, indicating KT application might have compensated for increased content of superoxide radicals (O 2 − ). Prakash et al. [32] have found that KT acts as a direct radial scavenger and downregulates the lipoxygenase activity to prevent the formation of reactive oxygen species.
CAT is one of the H 2 O 2 -scavenging enzymes in plants and helps in detoxifying harmful metabolic products [33] . An increasing activity of CAT in maize seedlings suggested a possible method in scavenging H 2 O 2 , which in turn decreased the oxidative damage on maize seedling growth (Figure 3(b) ).
Excessive H 2 O 2 may be further detoxified by POD, which is a common response to oxidative stress [12] , and an increase of POD activity has been shown in bean plants under As stress [3] . In the present study, 1.5 mg/L KT application increased the activity of POD significantly in maize seedlings (Figure 3(c) ). It is well documented that POD activity increases in radish after supplying of brassinosteroids under cadmium stress [34] . An enhanced activity of CAT (Figure 3(b) ) was concomitant with the increasing POD activity (Figure 3(c) ), which might be due to the similar protective mechanism such as decomposing H 2 O 2 into H 2 O and O 2 in maize seedlings under As stress. Moreover, we noticed that an increase of CAT and POD activity and a decrease of SOD activity when exposed to As and 1.5 mg/L KT, which may result from the accelerative accumulation of As in the tested plant, and the adverse effects of oxidative damage might mainly be induced by excess of H 2 O 2 .
Effect of KT on MDA.
Malondialdehyde (MDA) is a product of peroxidation of unsaturated fatty acids in phospholipids, which may be ascribed to the level of lipid peroxidation [35] , and an increase of MDA accumulation as a result of As stress was observed [3] . In the present study, we found that KT application significantly decreased the contents of MDA under As stress (Figure 3(d) ), which might be related to a significant increase of SOD and POD activities, and decreased the lipid peroxidation [36] . According to our results, a decrease of MDA in maize seedlings suggested that KT reduced the As toxicity.
Effect of KT on Content of Chlorophyll.
A high lipid peroxidation coupled with high hydrogen peroxide might have damaged chloroplast and inhibited chlorophyll concentration [14] . Similarly, the photosynthetic pigments are some of the most important internal factors, which are targets of As [7] . It has been shown that As damages the chloroplast membrane and disorganizes the membrane structure [3] . The content of Chl a did not significantly change at 0.1 mg/L KT treatment, but 0.5 mg/L KT obviously increased the content of Chl a (Figure 4(b) ). However, 1.5 mg/L KT reversed the increasing trend compared to the control. Therefore, a suitable KT concentration might be responsible for reducing the Asinduced toxicity in maize seedlings. In other words, excess of KT concentration may cause damage to chloroplast and the biosynthesis of photosynthetic pigments. Ebbs and Uchil [37] reported that the Chl b content drops much more drastically than the Chl a content as chlorosis progress, which is induced by Zn and/or Cd. Unlike Chl a, the content of Chl b showed a decline trend with increasing levels of KT under As stress (Figure 4(a) ) compared to the control in the present study. A decrease of Chl b content indicated that the toxic effects of As on Chl b are greater than those on Chl a.
The contents of carotenoid (Car) showed no significant change with the application of different levels of KT under As tress (Figure 4(c) ), indicating Car was less affected compared to chlorophyll. A previous reference shows that carotenoid protects chlorophyll from photooxidative destruction [38] .
It is apparent that Chl a : b will increase if Chl a content increases and/or Chl b content decreases. As shown in our results, an increase of Chl a : b indicated that the reduction of Chl b was higher than that of Chl a compared to the control (Figure 4(d) ). Increasing Chl a : b is usually associated with the improvement of plant photosynthetic capacity [39] .
Conclusion
KT could mitigate the negative effects of As by enhancing the growth parameters in terms of root length, root number, and fresh weight, improving the activities of antioxidant enzymes (SOD, CAT, and POD), increasing the contents of Chl a and the ratio of Chl a : b, and decreasing the content of MDA. 
